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INTEGRALLY MOUNTED PNEUMATIC SOLENOID VALVE 
FOR WASTEGATE CONTROL 

5 FIELD OF THE INVENTION 

This invention relates generally to the field of turbochargers and, 
more particularly, to solenoid valves and their attachment as part of a 
turbocharger for controlling wastegate actuation. 

1 0 BACKGROUND OF THE INVENTION 

Turbochargers for gasoline and diesel internal combustion engines 
are known devices used in the art for pressurizing or boosting the intake 
air stream, routed to a combustion chamber of the engine, by using the 
heat and volumetric flow of exhaust gas exiting the engine. Specifically, 

1 5 the exhaust gas exiting the engine is routed into a turbine housing of a 
turbocharger in a manner that causes an exhaust gas-driven turbine to spin 
within the housing. The exhaust gas-driven turbine is mounted onto one 
end of a shaft that is common to a radial air compressor mounted onto an 
opposite end of the shaft. Thus, rotary action of the turbine also causes 

20 the air compressor to spin within a compressor housing of the 
turbocharger that is separate from the exhaust housing. The spinning 
action of the air compressor causes intake air to enter the compressor 
housing and be pressurized or boosted a desired amount before it is mixed 
with fuel and combusted within the engine combustion chamber. 

25 The amount by which the intake air is boosted or pressurized is 

controlled by regulating the amount of exhaust gas that is passed through 
the turbine housing by diverting a portion of the exhaust through a 
wastegate. The wastegate is opened during turbocharger operation when 
the boost pressure is approaching a maximum desired pressure. The 

30 wastegate diverts an amount of exhaust gas around the turbocharger 
turbine to reduce the rotational speed of the turbine, thereby reducing the 
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rotational speed of the air compressor and thus the amount by which the 
intake air is pressurized. 

In particular turbocharger constructions known in the art, the 
wastegate is actuated by a spring biased pneumatic actuator directly 
5 ported to the compressor outlet of the turbocharger. As a predetermined 
maximum boost pressure is approached, the spring bias of the pneumatic 
actuator is overcome and the wastegate begins opening. Alternatively, 
a solenoid valve is attached to the turbocharger and a sensor, either an 
integrated or separate, monitors the boost pressure. 

10 In the alternative embodiments the solenoid valve varies the 

pressure to the wastegate actuator which, in turn, varies the wastegate 
position and thus the amount of exhaust diverted around the turbine, 
resulting in a change in turbine and compressor rotational speed and 
resulting boost pressure. The solenoid valve provides the means for boost 

1 5 control strategies, such as eliminating premature wastegate opening and 
delaying the initiating point for wastegate operation. 

During operation of heavy-duty trucks, maximum boost pressure 
is desired during engine braking operation to maximize the braking power 
of the engine. In such circumstances, it is desirable to override or 

20 deactivate a pneumatic wastegate actuator to maintain the wastegate in the 
closed position. In these embodiments, a solenoid valve located between 
the pressure source and the pneumatic actuator is activated to divert or 
dump pressure from the actuator to the atmosphere, thus disabling the 
wastegate. The solenoid may be operated by a simple electrical 

25 connection through a microswitch activated by the brake pedal of the 
truck. Through an electrical control sysem, the solenoid valve may 
accomplish both wastegate position control and the wastegate disabling 
function. 



30 a solenoid valve for either wastegate operation or override is that the 
valve is mounted onto the turbocharger housing in such a manner causing 



A potential problem with turbocharger constructions employing 
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it to have poor vibrational characteristics, exposing it to potential physical 
damage. Further, external tubing interconnections are required for the 
valve operation. Damage potentially encountered in such constructions 
could be to the valve itself or could be to external hoses or fittings that are 
used to connect the valve to the compressor housing for venting the 
pressure in the wastegate actuator. Additionally, solenoid valves used in 
such known turbocharger constructions are typically mounted in a 
direction that is not aligned with any other part of the housing in a 
location that is close to the compressor discharger where the temperatures 
are the highest, subjecting the valve to potential heat damage. 

It is, therefore, desirable that a turbocharger be constructed having 
a solenoid valve that is attached thereto in such manner to reduce or 
eliminate the potential for physical damage caused to it or to exposed 
connecting hoses by vibration, physical contact with other engine 
compartment components, or heat exposure. 

SUMMARY OF THE INVENTION 

The present invention is embodied in a turbocharger for internal 
combustion engines which includes a turbine housing having a turbine 
rotatably disposed therein and a compressor housing having a compressor 
rotatably disposed therein, the compressor housing including an air intake 
for receiving air therein and a volute for receiving air pressurized by the 
compressor. A valve mount is cast or machined integral with the 
compressor housing and disposed along a compressor housing outside 
surface. 

In one variation of the present invention, the valve mount includes 
a first air port disposed therein in communication, through a restriction 
orifice, with the compressor volute, a second air port disposed therein in 
communication with the first port, and a third port disposed therein in 
communication with the compressor air intake. The mount includes 
means for attaching a solenoid valve to the valve mount and a means for 
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forming a leak-tight seal between the solenoid valve and the second and 
third air ports. A control system for actuating the solenoid allows venting 
of pressure from the second air port to the third air port for application in 
controlling a wastegate actuator. 

In a second variation of the present invention, the valve mount 
includes a first air port disposed therein in communication with the 
compressor volute, and a second air port disposed therein in 
communication with the compressor air intake. The mount includes 
means for attaching a solenoid valve to the valve mount and means for 
forming a leak-tight seal between the solenoid valve and the first and 
second air ports. A control system for actuating the solenoid allows 
venting of pressure from the wastegate to the second air port for 
application in disengaging the wastegate. 

DESCRIPTION OF THE DRAWINGS 

The details and features of the present invention will be more 
clearly understood with respect to the detailed description and drawings 
in which: 

FIG. 1 is a perspective side view of a turbocharger compressor 
housing illustrating an "axial" integral solenoid valve mount constructed 
according to principles of this invention; 

FIG. 2 is a perspective detailed exploded view of the integral 
solenoid valve mount of FIG. 1 having perpendicular 90 degree valve 
interface surfaces with solenoid valve; 

FIG. 3 is a perspective detailed exploded view of the integral 
solenoid valve mount of FIG. 1 having perpendicular valve interface 
surfaces with solenoid valve mounting parallel to axis of solenoid valve; 

FIG. 4 is a perspective side view of a turbocharger compressor 
housing illustrating a "rotated axis" integral solenoid valve mount 
constructed according to principals of this invention; 




10 

w 

M: 

H 15 

eras 

o 

fU 

2 20 



25 



90098002 

FIG. 5 is a perspective side view of a turbocharger compressor 
housing illustrating a "circumferential" rotated integral solenoid valve 
mount constructed according to principals of this invention; 

FIG. 6 is a perspective detailed exploded view of the integral 
solenoid valve mount of FIG. 1 having perpendicular valve interface 
surfaces and solenoid valve with dual flat seals; 

FIG. 7 is a perspective side view of a turbocharger compressor 
housing illustrating a "circumferential" integral solenoid valve mount 
constructed according to principles of this invention for use with a 2-way 
solenoid valve with perpendicular interface surfaces; 

FIG. 8 is a perspective side view of a turbocharger compressor 
housing illustrating a "axially projecting" integral solenoid valve mount 
constructed according to principles of this invention; 

FIG. 9 is a perspective detailed exploded top view of the integral 
solenoid valve mount of FIG. 8 having a single surface with both valve 
interfaces and a solenoid valve with integral attachment; 

FIG. 10 is a perspective detailed exploded side view of the 
integral solenoid valve mount of FIG. 8 having a single surface with 
both valve interfaces and a solenoid valve with integral attachment; and 

FIG. 1 1 is a schematic diagram of the control system for the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

A turbocharger, constructed according to principles of this 
invention, comprises a compressor housing having one of a number of 
different solenoid valve mount embodiments that are formed as an 
integral member of the compressor housing for accommodating 
attachment with a solenoid valve for controlling or overriding a 
turbocharger wastegate actuator. The integral solenoid valve mount 
embodiments of this invention are adapted to both accommodate 
mechanical attachment with a solenoid valve in such a manner to 
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minimize or prevent potential vibrational and physical damage thereto, 
and to facilitate connection between the solenoid valve and compressor 
housing boost air and vent ports in such manner as to avoid the need for 
external hoses. Generally speaking, each solenoid valve mount of this 
invention comprises an interface surface for each valve inlet port that is 
formed as part of a surface of the compressor housing itself, and that 
additionally supports mechanical attachment of the valve thereto without 
the need for ancillary brackets, hoses, and the like. 

FIG. 1 illustrates a solenoid valve mount embodiment 10, 
constructed according to principles of this invention, that is integrally 
formed along an outside surface of a turbocharger compressor housing 12. 

The solenoid valve mount 1 0 is disposed along the compressor housing 
surface such that the axis of the solenoid valve (not shown), when 
attached, will be parallel to an axis passing though a housing air intake, 
and includes a vertical interfacing surface 14 and a horizontal interfacing 
surface 16 that is perpendicular to (i.e., 90 degrees from) the vertical 
interfacing surface. 

Each interfacing surface is adapted to connect with a solenoid 
valve that is used to actuate or inhibit a turbocharger wastegate, as better 
described below. The valve mount 10 can be formed by either casting or 
by machining a portion of the compressor housing outside surface into the 
desired solenoid accommodating configuration. In a preferred 
embodiment, the valve mount 10 is provided by the casting method. 

FIG. 2 provides a detailed view of the axial valve mount 10 in 
FIG. 1, that includes vertical surface 14, which has been specifically 
designed to interface with stem 32 and O-ring 34 and surface 16, which 

has been specifically designed for a flat O-ring seal. Specifically, the 
valve mount vertical interface surface 14 includes a boost air port 18 that 
extends through the compressor housing 12 and into the compressor 
volute 13, in FIG. 1, where it communicates with pressurized boost air 

therein. The valve mount horizontal interface surface 16 includes a vent 
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air port 20 that extends through the compressor housing into air intake 15, 
in FIG. 1, where it communicates with intake air near atmospheric 
pressure. The horizontal interface surface 1 6 also includes attachment 
holes 22 that are threaded to accept threaded engagement with solenoid 
valve mounting bolts 24. 

A solenoid valve 26, for operating a wastegate actuator (not 
shown), is constructed having an actuating coil 28 and a valve body 30. 
In one embodiment, the solenoid valve 26 is designed to direct 
pressurized air from the wastegate actuator to the compressor inlet when 
the valve is actuated. A hollow stem 32 for receiving pressurized boost 
air extends outwardly away from the valve coil and includes a O-ring seal 
34 disposed circumferentially therearound. The stem 32 is designed for 
placement within the valve mount boost air port 18, and the O-ring seal 
34 is used for forming a leak- tight seal between the boost air port 1 8 and 
stem 32. A vent opening 36 for receiving vent air is disposed through a 
bottom surface of the valve body 30 and an O-ring 38 is disposed 
circumferentially therearound. The vent opening 36 is designed for 
placement adjacent the valve mount vent port 20, and the O-ring 38 is 
used for forming a leak tight face seal between the vent opening 36 and 
vent port 20. The valve body 30 includes a boost air outlet port 40 
disposed along the valve body top surface that is configured internally 
within the valve body to route boost air from port 1 8 to port 40 when the 
solenoid valve is not actuated, and to route pressurized air from port 40, 
which is connected to the wastegate actuator, to port 20 when the solenoid 
valve is actuated. 

The valve body 30 includes a pair of mounting bolt openings 42 that each 
pass from a valve body top surface to the bottom surface, and that receive 
valve mounting bolts 24 for attaching the valve to the valve mount. The 
valve 26 is mounted into place against the valve mount 10 by inserting the 
valve stem 32 into the boost air port 18, placing the valve vent opening 
36 adjacent the valve mount vent port 20, and tightening the mounting 
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bolts 24 to secure the valve into place. The valve outlet port 40 is 
connected to a wastegate actuator by conventional fitting and external 
tubing or the like, and the solenoid valve is connected to an appropriate 
control device capable of transmitting a control signal to effect valve 
actuation. 

FIG. 3 illustrates a valve mount 10 that has valve mounting points 
that are different from that of FIG. 2. Specifically, valve mount 10 
includes a pair of mounting pads 44 that each project upwardly away from 
the valve mount horizontal interface surface 16 and that each include 
attachment holes disposed within pad surfaces 48. The pad surfaces 48 
are parallel to the vertical interface surface 14 (i.e., perpendicular to the 
horizontal interface surface 16) and the threaded holes 46 are 
perpendicular to the vertical interface surface 14. The solenoid valve 26 
includes mounting bolt openings 42 that are disposed horizontally through 
the valve body, between valve body front and backside surfaces, for 
accommodating placement of mounting bolts 24 therethrough. The valve 
26 is secured to the valve mount of FIG. 3 by tightening the mounting 
bolts into the pads 44, and makes connections with the mount boost air 
port 1 8 and vent port 20 in the same manner as was described for the 
mount embodiment of FIG. 2. 

FIG. 4 illustrates a solenoid valve mount 50 that is configured 
differently than that described above and illustrated in FIG. 1, in that it is 
fixed on the compressor housing 12 such that the axis of the solenoid 
valve 26, when mounted, is rotated from the axis of the compressor air 
inlet. Such an axially-rotated placement can be desirable to avoid 
interference with the compressor inlet air hose or to accommodate 
particular turbocharger applications calling for certain component 
locations, e.g., for applications having an engine compartment with 
reduced or minimal space. It is to be understood that the valve mount 50 
can be used to accommodate attachment with a solenoid valve 26 using 
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the attachment structures described above and illustrated in FIGS. 2 and 
3. 

FIG. 5 illustrates a further solenoid valve mount embodiment 52 
that is integrally fixed on the compressor housing 12 such that the axis of 
5 the solenoid valve stem (not shown) is perpendicular to the mounting 
surface. The valve mount 52 is of a stepped configuration, comprising 
first and second solenoid valve interface surfaces 54 and 56 that are on 
different horizontal planes (as shown in FIG. 5). The valve mount 52 is 
made in the same manner as described above, as an integral part of the 

1 0 compressor housing. 

The valve mount first interface surface 54 is disposed along an 
outside surface of the compressor housing opposite an internal 
compressor volute (not shown), and includes a boost air port 58. The 
boost air port 58 extends from the valve mount first interface surface 54 

1 5 to the compressor volute and communicates with boost air therein. The 
second interface surface 56 is positioned a distance above the first 
interface surface and includes a vent air port 60 that extends through the 
valve mount and into the compressor housing air intake, where it 
communicates with intake air near atmospheric pressure. The interface 

20 surface 56 and the boost air port 58 are oriented such that the valve stem 
66 enters port 58 in a direction perpendicular to surface 56. The interface 
surface 56 also includes a pair of mounting bolt openings 62. 

A solenoid valve 64 for attaching to the valve mount 52 comprises 
a valve stem 66 that projects outwardly from a valve coil 67 and that has 

25 an O-ring seal 68 disposed circumferentially therearound. The valve stem 
66 is adapted to fit within the valve mount boost air port 58 and facilitate 
the passage of boost air into the valve. The solenoid valve 64 also 
includes a valve body 70 that is attached to the valve coil 67 and that 
includes a vent opening 72 disposed through a bottom surface 74 at a 

30 location positioned to cooperate with the valve mount vent air port 60. 
A valve outlet port 73 extends from the valve body 70 and communicates 
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internally with the valve stem 66 to facilitate passage of air through the 
valve, as described for FIG. 2, via suitable external connection means. 

The solenoid valve 64 is attached to the valve mount 52 by 
placing the valve over the top of the valve mount so that the valve coil 67 
is positioned over the first interface surface 54, and the valve stem 66 is 
placed within the boost air port 58, causing the O-ring seal 68 to form a 
leak-tight seal. The valve body 70 is placed over the valve mount second 
interface surface 56 so that the valve vent opening 72 is positioned over 
the vent air port 60, and a leak-tight is formed therebetween by use of an 
O-ring seal 76. The valve 64 is fixed into position through the use of 
mounting bolts 78 that extend through bolt openings 80 in the valve body 
and are threadably engaged with the mounting bolt openings 62 in the 
valve mount second interface surface. 

FIGS. 2 and 6 illustrate two different ways in which solenoid 
valves can be attached to the valve mount 92 of FIG. 6. FIG. 2 shows the 
solenoid valve 26 comprising a hollow stem 32 for attachment to the 
valve mount vent air port 18, and a boost air opening 36 for attachment 
to the valve mount boost air port 20. O-ring seals can be used as 
described above to provide leak-tight seals at each port. Also, mounting 
bolts 24 can be used as described above to attach the solenoid valve to the 
valve mount 16. FIG. 6 shows a solenoid valve 108 comprising a seal 
block 110 that is disposed around a hollow stem 104 for providing a flat 
seal to be formed between the valve mount vent air port 100 and the 
hollow stem 104. As with the solenoid valve of FIG. 2, O-ring seals can 
be used as described above to provide leak-tight seals at each port and 
mounting bolts can be used to attach the solenoid valve to the valve 
mount 92. 

FIG. 7 illustrates a further valve mount embodiment 112 that is 
machined or cast as an integral part of the compressor housing 12, and 
that is positioned circumferentially therealong. The valve mount 1 12 is 
specially adapted for use with a 2-way solenoid valve 114 used to 
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modulate or cut off pressure to a wastegate actuator. The valve mount 
112 comprises a first interface surface 116 and a perpendicular second 
interface surface 118. The first interface surface 116 includes a vent air 
port 120 that extends therefrom, through the compressor housing, and to 
the compressor housing air intake. The second interface surface 118 
includes a boost air port 122 that forms a third leg of a boost air tee 124 
formed within the valve mount. 

The boost air tee 124 includes a first leg 126 that extends within 
the valve mount from the compressor volute to the third leg. The boost 
air tee 124 includes a second leg 128 that extends within the valve mount 
from the third leg to a valve mount outside surface 129. The valve mount 
includes an outlet port that connects, by fittings 130 and a hose (not 
shown), to the wastegate actuator. The boost air tee first leg 126 is sized 
having a reduced diameter when compared to both the tee second and 
third legs to function as a flow-restriction orifice to reduce the flow rate 
of boost air from the compressor volute to the wastegate actuator via the 
outlet port 130. This enables pressurized air routed to a wastegate 
actuator to be vented via the solenoid valve, i.e., by passage through port 
130 and tee second leg 128, into the tee first leg 122, through the solenoid 
valve 114, and into the vent air port 120. 

FIG. 8 illustrates a still other solenoid valve mount embodiment 
132 that is integral with and projects tangentially away from a 
turbocharger compressor housing 12 in the direction of the compressor 
inlet. Unlike the previously described and illustrated valve mount 
embodiments, this valve mount embodiment 132 comprises only a single 
interface surface 134 that is positioned along a circumferentially-directed 
surface of the valve mount. Like the valve mount embodiment of FIG. 7, 
the valve mount embodiment 132 of FIG. 8 is also adapted for use with 
a 2- way solenoid valve (shown in FIGS. 9 and 10) to modulate actuation 
of a wastegate. 
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The valve mount interface surface 134 includes both a boost air 
port 136 and a vent air port 138. The vent air port 138 extends through 
the valve mount and compressor housing to the compressor housing air 
intake. The boost air port 136 forms a third leg of a boost air tee 140 that 
is formed within the valve mount 132. The boost air tee 140 includes a 
first leg 142 that extends from the third leg 136 through the valve mount 
and compressor housing to the compressor volute, and a second leg 144 
that extends from the third leg through the valve mount to a valve mount 
outside surface 146. Fitting 148 extends from the valve mount outside 
surface for connection with the wastegate actuator via a hose (not shown) 
. Like the valve mount embodiment of FIG. 7, the boost air tee first leg 
142 has a reduced diameter when compared to the tee second and third 
legs to function as a flow restriction orifice to restrict the flow rate of 
pressurized air passing from the compressor to the wastegate actuator via 
the valve mount outlet port. The boost air port 136 is internally threaded 
to accommodate a solenoid valve with a threaded valve body (shown in 
FIGS. 9 and 10), eliminating the need for additional threaded fasteners. 

FIGS. 9 and 10 are detailed views of the valve mount embodiment 
132 of FIG. 8 showing attachment of a solenoid valve 150 therewith. 
FIG. 9 is a top cross section of the valve mount 132 showing the 
configuration of the boost air tee 140 formed integrally therein. FIG. 10 
is a side cross section of the valve mount showing the vent air port 138 
and its passage through the valve mount and compressor housing to the 
compressor air intake. The solenoid valve 150 includes a coil 152 and a 
valve body 154 attached thereto. A threaded hollow stem 156 projects 
outwardly a distance from the valve body 154 and is threaded for 
attachment with the valve mount boost air port 136. The solenoid valve 
also includes a vent air opening disposed within a valve body surface 158 
and positioned concentrically around the stem 156. A first O-ring seal 
160 is disposed circumferentially around a portion of the stem, and a 
second O-ring seal 162 is positioned along the valve body surface 158 
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concentrically around the stem and radially outside of the vent air port 
138. The solenoid valve is attached to the valve mount 132 by threadably 
engaging the valve stem 156 within the boost air port 1 36 until leak-tight 
seals are formed both between the stem 156 and boost air port 136, and 
between the valve body and valve mount surfaces 158 and 134. 

FIG. 11 shows in schematic form a wastegate control system 
embodying the present invention as shown in FIGs. 1 and 2 for both 
wastegate actuation and override. A controller 164 receives input signals 
from a pressure sensor 166 and a brake pedal microswitch 168. Solenoid 
valve 26 is activated by the controller from a first position in which 
pressure from port 1 8 is connected to the wastegate actuator 1 70 through 
port 40 to allow opening of wastegate 172 and a second position in which 
pressure from port 1 8 is dumped to outlet port 20 resulting in deactivation 
of the wastegate actuator and closure of the wastegate. Opening of the 
wastegate allows excess exhaust pressure in turbine volute 174 to be 
vented around the turbine directly to the turbine housing exhaust 1 76. In 
a dual control embodiment, the solenoid activates to the second position 
and remains there until a predetermined pressure is sensed by the pressure 
sensor or an event, such as engine braking, is concluded and the controller 
deactivates the solenoid to block outlet port 20, allowing pressurization 
of the actuator and opening of the wastegate. When the brake pedal of the 
truck is actuated closing the microswitch, the controller activates the 
solenoid thereby opening outlet port 20 to dump pressure from the 
wastegate actuator and closing the wastegate to maximize boost for 
engine braking of the truck. Those skilled in the art will recognize that 
the alternative embodiments are designed such that the normal state of the 
solenoid valve is the first position described above, which results in a 
fully functional wastegate and maximum fail safe protection for various 
truck operation and failure modes. 

A key feature of valve mount embodiments constructed according 
to principles of this invention is their construction as an integral 
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component of the compressor housing, thereby avoiding the use of 
separate brackets, connectors, external tubing, and the like. The use of 
such integral mounting structure minimizes or eliminates altogether 
potential damage that can be caused to the solenoid valve and connecting 
5 hoses by vibration or by physical contact with adjacent objects. The 
integral construction of valve mounts of this invention also minimizes or 
eliminates potential damage caused to the solenoid valve or connecting 
hoses by exposure to high temperatures, which is avoided by placing the 
solenoid valve close to the compressor housing air intake. A further 

10 advantage of valve mounts of this invention is that they reduce the 
number of connection members and ancillary devices that are typically 
used with a two-way solenoid valve to achieve modulated wastegate 
actuator activation, e.g., avoiding the need to use a separate tee and 
restriction orifice. Also, a valve mount designed to accommodate a 

15 solenoid valve with a threaded valve body eliminates the need for 
additional fasteners to mount the valve. 

Having now described the invention in detail as required by the 
patent statutes, those skilled in the art will recognize modifications and 
substitutions to the specific embodiments disclosed herein. Such 

20 modifications are within the scope and intent of the present invention as 
defined in the following claims. 
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